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I
vvh-r &-%C-IKIn;2-6Z4- nt. qeleetLsr ilifarent-vatueu of these coficxtts dictates te mode

o atsf tmia~e-r pxe;et at the brmvzdary,. Nyvartotw comblnatloxn* of oounstits, fte mpositiont
of t~srfacatemperture 3 ecovecion,-heat flux or insilltion is possible.A oedtid

1lcsinon -tile Inte-rpreattion of bownda ry conditions IS Oontainec in SeCtknim,

- 'pstctoTs' r- a -

Thvirxe I., Geometrical- aerresebtatlna

ar~~li~kti~~fll ofTiines prOsition theorem. toacontLr tedenen

771t prto sahselying

U0e~~odtos ttt the tune depenec

k= , sad j srrodd b attipne utloui and oup of~w amUM bts owd uniary condItwns,,
ItrIs ov Tsi.6 tosove be eualc u t' tol-te time wxaln% then mj*

rb pobei 'faflrst strmpiled by be*:gthe solutin iaWpp vwo part; -a .etady state

-gat isit& r.2 teowetvxe dS~srlhution aiad mogeneom usxWsry wo~tos

Per0 ooaaiton wewt-S)simplifies to (3
__ wit the esult

AA
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aT + K F 1-

-~~ &Substi"ut~ Equation (7)1 Iito (8) an (9) yields_

AlA + Y,1 8 F9-q

K A + K221A-L + ~) FL-(#

The constant3 of Inegratlon, A aind 13, can nw be evaluated from Eqw~ons (10) and (11). In 1
order -to keep thiese expressions in general form, tbr, solution Is mcconmpl1slhd by Cramer's 3
rm witil the result

B (I%+ K2?2L- fo X1, F

A product form of" solulion is assumed for Equat iof (2% and desiggnated by t)f(t1
stitution Into) -] qutton (2) yfllds

VI:- (14)

hUim' requires tha- each. of these -fumitlcns e equivalent ta sorne, as yet-arbitrary onstamL
Then seettior ami constant equal ta,,/3 reut in two-orinaz7 duffezential equations -of ttw-4 ~ ~~formi -

-(44r ~qa~ M( hats the- exponential- for-m-of solution --

weesEquation -(17) is satttef Id by

X(Z) C, cc; A + C2 sin 8x

T-

20 "o



-The eoliims -to is t hen

T~ (Xvfl co CO X CA On (20) -p

This raifist-a Mithn mIot_', isfy the itha teinporature distribution and homogeneous
bou-ndary --ondM04-i -a 2 on m

T_ K22 0 xz L
- _ + Ka2 T~ ~ L(22)

NOWftofst that tico)t, a be eimi-teel nated since its effect can be included in C1 and C2.

To evaluate the r~aaIng motants substitute Equation. (20) into Equations (3), (21) and (22).

Stu (24)o Euto 2T no(0)yed

At-this-point it _bazomes necessary to lxnpore !he artificial restriction that K12 0 0, In order

that c4-,ulations perlo'med on the computer Tremaln bounded.

~~ - &ibstitutlon-of Equation (20) irto ()yieds

NA c~I21-oo - X21 in RL]I 44Kg + co 3-K1sn0 (5

To talfn-a wn~rlia1 solutl~ior C, and C, the determinant of their coefficients must be set

eia! t zero. 'fl4 yields the following transcendental equation,

where

~t 7-

D 1 2- # I

'I
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Equation _(26) has infinitely many solutions (eigenvlues), and we skshM danote those-by Z-

where -n 0, , 2 ---. The remaining constant C2 is evaluated by pubstituting our soation
Into Equation- (3)_in-order that the inittalenezerature-distributionb satiafted, It is Obvious at
this point that, ing peral, abitrary functions for the initialtemperatre diibution-can ot
be satisfied usinW only one value of Z and C2. We are thus required to expanci our initaia

condition and our sclution in an Infinite series. Theu the coefficient C2 becomes a and- its

evaluation proceeds as follows. The total solution at this point can be expressedi

T ,tf) Ax+ Ko [M J% _
= - -

Im1nring the problem Initial conditlomr yields
+ . _ K- =_ -

,xo)=f tU) A[ -,0 (

ReaxTangftg
f t)-AK4-B) u fn n++ K2 - Pn. 'KI +

-xK+B COS Pa

S-ice the sines and cosines form 9, cbnplet .et of-orthogonaluncLton, the AC' ca ab -)

in ii

: : evaluated-by¢ mmUpi .ng+bot Lsids of+++uation- (31)+ m+ by +:

- -o- -
A+ 

-O 01

...- o-+" t3 , ,++

0'

C _ n - __ t it --

B =0

th-is B Inteno rdw nntrivia reuo nly

n -

--- - - -- -
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'Me cbnominator of -~nbo ovaluated direetly with ftje result:

L -Kte
6"K 12  dx

CollefnIg the formulations meqired for problemi val 03n Ied to lie e S310slo Ofth
solution for time Independent boundary conditions In the forin

Sr' r

where

F- =1 K-P I

L~~O iZj1Ct

D. MODIFICATION 0OF SOLUTION FO IEDPDNT CL~AYC~~Y

Dhamei's superpstion Integral is now appled ta fre golut~on,- RqsUavn 40MsI-Mi
for tae time varging boundary coditons. ?. B. Hildebrand givpthe __Ako~

Tbis formultion Is based on oertain lilttors hewver tbc -~

ithe assumption. of zero InitIeI oonditins. Thigpstictionz-Lsiollnis M ormng a

*HMidebran6. P. 33. Introduction to Nimxerical 2galss McGr_ RMf lBocg uwpizy. Inc.
J, New York4, 1956.
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seoczte problem, usesa'ig tM giv-r initial conditions and homog-neous boundary coiditions.To selution of this problem. is 8-tded t Equation (41). The second s-mnhfication utilized toOtail E -tioD MY , tO - -M-ne boumdary al zero and consider the re.aini.g boundary tovary with ti-3. Yor our pri-blen both boundares can v'ary with time so we make use of thesup rpoaltlon prinvdple oce again by vurying first ow boundary condition and then the other,with tfe remaining boundary held at zero. The two results are then added. Note that f x) = 0_- for both these solutions.
E. SOLUTION OF MNITIAL COMDITION PROBLEM

For the given initial condition, Equahon (3), and the homogeneous boundary conditions,Equations (21) and (22), a zer'O" stpey ate solution is obtairied from Equattun (7), i.e.,A = 0, B 0. Employirg the g.9en Initial condition in Equation ,35) then yields the desiredresult

ly ! 0:, '-A L J [Yn W]~ a
F. rNSTEADY STATE SOLUTION
The steady state 91Uton, TS(x. Q), employed in Eq-ation (35) is mo difLd to TS D (t)

In-E tion (41). This result can br viewed:as the steady state solution to a problem with ourboundary coritions, If tUMse conditions were "froze ,' atthe instant t,, and remabed constantas t -co. Since our boundary condifions vary conti-r-usly w.ith time, it Is nt possible-toreach a steady state condition. This exTplmns the title employed for this section of the reportTV ,o )(r) can be obtained immediately from Equation (7), u-ing boundry condition-qua i ns (4) and (5) nlace of (8) azd (9). -T0 restlt- is

where

I I K L 4 '(44)

(45)

G TRANSIENT SOL(ION UM VARIABLE BOrDARY CONDITIONS)

Ili tranaient solutin fv b ry condition E ions (1) and (5) mut be evaluated int
i parts as Wn.at in Sectlon H1 D. First. con-f&-r th conditions

-IK T M (4)

-and

dI
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oivnciwith

Ix (46)

Equations (44) and (45) fo Aand~ 2 me moDMied ty kcattin-, FL 0,wth the -eult

AV* 0 (t (471

0 - K, KL-D

AThe mianslent salution is gibmanwd by, substituting these resuilts WIto-the- transient solutimn
I Equation (-35) with the reault

AA

ISimilarly for tc ondltionz

Kt, -_L + Kim T

8T

f r) o (46)

and ~ ~ ~ ~ q letn 0 = n&jtos (41): and (45). with the result

-Ktj FL Ok (t)4 ~L ,1 K~ L-O(501

GL= (5')

we obtain rom Eqaatton (3-5) the transient solution

fL
o DOY dx [.2uj* ~

rrY

4L n

K!o



ff- COMPLETE SOLUTION FOR THE (W24RAL PROBLE',M

Thre Vawsral form Of M-0 cc-mplete0 Solutions wws- eqCss-J-ed by' Equatin (41). Colleoeti? fther A esolutlom obtalnsd in Eouationa (42), (43), (49; &Ad (52). and subtstittizt Into Ecsyzation. (41),
yields fte bmna result

041
ro 'We + Sb ()+

+ (o) +)

---------
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ECTXON 11 t

A1PUCATIONS

The generalized boumlary ecnditioa utized in the maautclformulnanz can be
speeiaized to bandl? h umber of phsiwaprroblems. For example, take Equation (5)

LT

A popriate- colmcc of fte Indicatori lead tD ftb follaifrg

a. Pz-recribed constant-miface -W~pratmr.

I etK~1Q, ~=. 4 L(V1 -FL zplied fliertm

I - cppinsulated

d. -LnA= hevransfer st-thasurface (uet-p~

1'2
£ton eqato e.be formovtin

-- - -Ka-Ai T~T

Tu~e sfpgba covit S- such -that- a psiveasie idicate$ IlLm !no !be i-xWy.

The botfha condtions dwtcrlb!2d In -a!'a "Is" abovmay- be drblf-ariiy-variWedwith
tim by a~iys h rpit~m wcin~s )

- - 10
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F SECTION IV

COMPUTER PROGRAM FOR SERIES TRANSIENT~
ANALYSIS OF SLAB HEAT TRANSFn (STASH)

A. DESCRIPTION

<1 The program described below was written--to solve for the- temperature -distribution in a
olledimns~nal od itharbitrary initial conditions antd te-virying boundary conditions.

XMN reads in &a-sets up autin,-d
prints-h results.

SOLV 1 -olves efieiivaluae eqation fqr- psitve

SOLVE 2 wves-the e.snvalue equatlonfor-negative
_valuea of flET&~

SOLVE a- solves the eigevalue -equatlon for a -zero
value of DETK

S&i )E 4 - solves the -elgnv;alue equation-for -DETK ffnite.

1FU~T - Sipsqn~s rule, Iegration routine.

XtUNGX- - sets -thet 1ntegrandfobi1ex integral

-OC sets u0i hey itegrand for the intft-,al

INTERP - performs linear~ 1ftt ii3Wd 40bular data

PW10 - dines11t ±iziwb va yyingboundary condition-at

Pew - definesv the, time-varydng~ boundary -condition

PHIPRO - define.,-the clrvativ-of the time-varying
bondary -conditin x 0

PUWXAL definea -e riv0ative-of tho Urde.-varyln-,

bonaY conditionatx

FOF def Ines the Initia-1 conditions, in the rod. -

71pe-2 is -a-gimrpifted flow chaft epicting tbe-transfer-of information betweeu-theF - ~subpm~grainsdis~eed above. -

-12

4 i



TAB-If

SOLVE I -

SOLV E 2

SOLVE&

IPRI

I -t

- iT

~~AW PRI

4OLV 4L

PHI~

I~-~-12

6, Z
1 i



-B. INPUT

ns-.re axe basic-Uty twz types of input data to 45TASILM phpysical pnaameters and the
problem paxameters. The -p13s~a1 pariimetexns axe the chamterittiei of the rod zand Li
c -ild tfs to wL Icfr it is subjected. The problem praieturs are the aicinamcy paramete rs, th-e
calculatlon controls and the print controls.

T he r o,. Aa c haracte rize d by f our Lbas ic qun thesdleagth. mass ensi ty. therzal I ond1vti V.ty
and specific heat. The boundary coiniitons ttrz Weatiftedtbv the Indlcatoars K~.K.K21.' K2-2
The inagricude oA the bounrary conditions iz characteized by the indicaburs-F 0 and FI The

Smethe slto-aberqie-txsttoan odfor la iven-7-- piai n t, A 12,
convenient tr specify a ength increment. and a time im-remen as input parameters. A final

tuei as pecified- te rm~inate cad Uaio~ The accuracy of the -Duonqbscy
-oendby three factors. the accuTg-cy of the eigenVaizS, the wir tof,_ sen i eries

portion of the solution- and- the_ ziumer ofte rvals- iakn inlb thMsmerical r !
In the interest of niaiwnum flexibility, ea- 1 -of these- iua-t wa-a made aLA paremeteL.

Information may be input to thtaL psogranun twv basis- forms. The first igpeA Mste datzi caz4.
- There will-alwaya be severk cards In le~aau dee-A. It the labular da ot ptior is used-tihezar =fas

be many more.-The second type of input consists of FORTRAINIV 5t~tu~nta 9ich pay 1c
inserted zniu -the sub rgrams deffing the initiai. and baut4=q conditions xohetd. :Ar.
example problem usin b6 th type s of 1t7.# 21s g rwanin ction v C_ Deta iled instuctlans Ca
inputtlng- the data cards -are~glveu Weow, in-the fowving-fon aLt

-- (1) Caj4 wixle~r d!--contents

- (2) -P Program -anfor contents -

(3). 'brmt of -card input referenced to frormat- stalement,__nxbr

(4) Description of ab variable on te~r41. Data -Car~s

CGard I Intermediate prtnt Options,-- --

- 500~ ORM T 311)

JPPXNT(1) - prints sqylea portion of olution term by ter.-n
f fa ones entered. Ifo pint Is s~rd ntrt e~,

- W~UT{2)prints imsteady state portion-of the solution if a
,d2 - oe is -entered- Ifro~vaint is -~ie ne a zero. :

J JPRINT(S) -prins- solutlon for eigemialues if an mis eztexzA.
4 ~~~ m -i -print is eesired ent~r a zero.

4' 13

07;7_



I FORMAT 02,13~A6)

IUIT - an Indicator which prints out the system of units
to be used in t problem. See Table I for a list
of systemns presently contained In the program.

4 TITLE - any alphanumeria Information thronugh obamn 80.

CaMd3 Physical Parameters (all must be in consistent-unitq)

L, V.. ]RHO. CP. DELTAX, DELTAT. TIMEF
2FOAMAT (U1~000)IL length-of the- rod

K therm al-conductivity

HO mass density

O 7  Dpeci10 heat

DE LUCX Incremenk-of length (100 Increments zinm)

tDELTAT increment -of time

Cad TUMBF final -time (initial -time Is- zero)

BodA undary, Conditton AIdcatr
I Ki, 12, K21, 22

1 3 FORMAT (01lO.0)
M-1 indicator for' at-x

K12 - ndicator for Tatx 0

X21 indicator for ITat x =L_

K22 indicator for T at-x L

Card 'Hunton -lultiply ing Factors

FO, FL, YX

4 FORMAT (UE10.O)

FO coe'flclent on functionLi

FX coefficient on funetionAn

41



TABLE I

SYSTEMS OF UNITS STORED INTERNALLY

1UNIT LEITGTH MASS TIME WEIGHT TEMPERATURE I
I INCH SLUG SEC POUND YIRE T

2 INM* SLUG m I f POUND FAMTRNHEIT

3 INCR I SLUG II POEMIGD I4 I

4 j FOOT SLUG SEC P 0 UNUIB FAHRENEIT I
5 FOOT SLUG MIN POUND FAHRENHE T
SSCfFOOT SLUG HR f POND FA!fRENHEIT

8 INCH POUND HIN -oPOL" DFAHRIMMEIT -

9 INCH - POUND UK -F ",FRMW I

~~ ~10 FOOT POUND SEC - CND - AENiI

- FOOT ______ M RIN PON - AtHFNHIfl

12 FOT -PUND HRPOUND

QI

eI

Ii

I

F'o~



-~Card 6 aIviAdon P'aramaters

NTEI'MSZ YSTEPX. NSTEPTr, YfAB(1), INTAB(2) NA(3, TB{)

>N NTAB t-,

I & FORMAT (3-15, 5U2)

NTERMS -number of termsi in the serieaquortzo ef the

NST JPX mnber afi~ ntervais fozc the x-Lwegratioli

A.0 -NS1 i,:-T -numL-pir of intdrvals -to the )-intog-atiorz

W!NTABIM) fla for tab Ii --

NTAB(2) f flag for Uble 1- J iAB (1l ) o o s a

- NTAB3(3) lag-for table 3

NTAB(4) - I ag ir table 4 _T"f I -Ue-able

-NTAB(IS) -flafian

if NST-'FPX or IOT~ft- Is 2ro Vi prog-tazw, *ets -* v&-lue of the respective integral to zero.

ICdird 7 1Igenvalue Solutjorc -Paetoza -

LIAUT dificerawe btwet!n t&Wv sucdeosive Iterations
i& dafne 6oihvepnce to a zoot.

OkiI'MIX -ma-p~ unumbek A~ Iterations to, be made in) ~sea~ebnchor ae epvtluie,

If no tabvl!%r data i1 to IVe used, tusI csaf fr. frt a ip In t ea dack. If tabular data is to be
an Inut k-ever, the fioUowlin,- format ~i- -ud.-

Card Tae nii id net

= a4ABLU. COMENT& ne~na~ og o

AA
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4 Card ~2 Tabular Data- ((2 to 50 da.ta cards per table)-

- INDVARL, D1EPVAJR, COMdMENTS

FORMAT (5X, 2B10.0, 55H

ID4DVAR IxWepeiidenl variable

I -'DEPVR dpnent -variable
COADMENTS any alphanuaieric Inlormation- In colmrns 26 atrough80

iCard- 0 B~ndofTable

N

4 There are-fiv-j tables pramvJ'4ed m- the pmirrarn, which- twe assignied a3, follows:-

Table, 2 P

TablIe 3 PBPO-

loNTI3 I1PRO

- 44- X-NCRION iP7t. R

-0 tblcda-dP4 srpmpola#Il

-gen1O1 erte:indtalFSct
AsteJVto -Cdr .n~tci hne crscn~lgth ucinlsttneto h

2.,--~o -su tb Zansra.~ne~~ h bv tntot aea soit~Ymi~~nico

me, air Inpu



-I CAFO 1 PMT CJLTX$

-2 O- t S - A -

CKAW -- kAM C -

IxzA~ 42 -42mni--m

-. _ P! x T I -4- -A
1 TAB-L -DATA

STABR ~ ~ TlL~h~Y5$RS-- -

ISI A. Iz T A P:

_. I~u 6 at AorAw _

~1~!NJ~31IX S?? R.2'CARD 18
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it Is convenient to use norMali ed functional statement4 in t-e subprogram. Thus, if we
entered the foowlig card n the FUNCTEION FOFX

FOFX = 1.0

we wg!d obtain I itial condition

fpq) FX
The program (Appendix 1) -ontawns subprogram statements corresponding to the following

Lu initial nd u y conditions.

4V(t)= const

Ax) t const

C. SAMPLE PROBLEM

Consider a rod, ten Inches long, havtig the followinkg propertles:

K =10 Btu/br-ft-O?

P0 O00lbm/t

K,- 0.1 Btu/lb
In

We wesh to obtain-a time history-of the tempera:,ure - disrxlbutlon thro.gh the rod which Is
subject to -the following boundary conditions

T(O, t) = t

T(L, t)= 0

The initial conditions impGsed on the rod are:

K' T i x 0) =

For purposes nf iWlustration the Intermedlate print option will be oaled o t on card ore.
6--

IThe first task In settlkg up the problem Is to decide upon a ystm of urits to employ. Since
the length of the rod is given In inches, wa sball choose the 1cn1. as the . 1 f eng-th. For a
transient study a small time unit is desirable. hence, the second b-, meae unit of time. The
remainder of the system of units Js determnL.d by the temperature and mass units. Gorg new
to Table 1. we obtain the correct value of IUNIT. Tbts idicatr along with a suitable title
becomes card two in Figure 4.

C-1
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CCard Uhree contalM te p4 ical piarmetrr of the ssterm in the a stem of umutzs called for
by the indicator, WIUNT. T10ae Parameters are:

rLt  , = 10 In. K =0.02314 Btu/in-sec-8 F RHO= 0.2895 lb/n2'

a CP = 0.10 Btul DELTAX = 0.5 in. DELTAT- 100se TIMEt = 1000 sec

Since we htx only tempexature boundary ionditlcns we set U -I 2 0 and k2 .22 1,
This information Ms entered on card four.

W ~2i The fductions c a l eg our Rntil conditions ane

We G foo = o0 013 (X)-I = 1,

zero out the =popiAte functions. We then Can use F 1 ! to bring in the other boundary

condition. This Is shown on card five.,

The calculation parameters are -entered oanzrd sx. A series solution xntnmiog twenty-five

-terms is cotmpletely ade te for thIs prob'e. Since Ue i-tial condition function !- Zrr-, we
set MTEPX equal to zero. For a Simpson's vile integiratiqn -,Ih-az iity s~ps-zhoul; suffice
for -NM ME . Our choice of multfijyin- 0-D card-five enabled s to-d much-of he

funtio clcutin xte y. R~evr. -to eliiniiaerdzpln any portion of the progriam
lye is .bI- 16&df~ tnefu~r-ot 'Mo } us-We seti NTAP I) aud NTAB{3)I -_i-al to ow and the rest equal to zero.

For a solution with temperature boundaries only, tblel- nvalmes become simply n Thus,
eegenvalne parameters have little meaning. Howevur, for-a more compu m case they would

have a signifieant effect on the solution-so these panimetera sbhold -b made as stungent as
: required, Typical values are entrd-on -aidsven.73 e oica not to recompllre a -vene ron lea& to-tha use of tables one and three. The

first card in eaeL table is a-tnble desianation nmsber, The f6llowing cards contain data pointz.The last car of each table conta i s the negative of Me table ,isslgnation imr3ber and is a flag

signialling-ths end of the table

This, then is the data deck for the sample prablem. The assemled, 31ev is shown M

D. -RESTRICTIONS

Certain restrintions must be adhered to in ordarfor the solution to be successfu,. Violation
of these restrictions will usually pioduce an error messa& from the computer program.

b I a. A con-istent set of units must be employed. An indicator is pronded on the title card
, whIch will label the system of units on the output. If this indicator is omitted, the following -

error =ssagme is printed.-

SYSTEM OF UNITS NOT SPECIMiD. IUNIT NOT ENTERED OR ZERO.

This meossp merely trforms Me us-r -of this nmjsivn, excuqton of t e Prblem is Wt

S.21

4 __________----- ---.---



b. Rnd cannot be zexo simultaneously. _81niIarly,2, and K 2  -antbe zero
oimtltaneauly. These situations lead to An- und-iei bowidiry. 7ba ermessae -below

a. Kha cnnotbe r o. In isratiom ewhartitmut w. restriction ariseod byo the mlta

computer formulation of Slmpson'e rule. Juanu2- r-u.mber is entered, the followingerrorf

NMBER OF DiTEGIIATION TITERVALS 19 NO(T EVEN

-e. 400#rk nr gnerates, enerror massage If-tbe-imxe Inremant or the laeth
-lncrexdent s zero or negative. TuMi- wesa V-eada.z

TME Olt L-EKTH INME4NT IS ZERO- OR NEGATIV '
-L The initha- tim for ie&ch program bn zero..

ii -g.- 7teprogram 'uses even Incremeift-o 'ime and- TeuLi The mxnzimitrr number- of length

The otitput generated by-STASH consists of two egmnerts:- the hv#u a~vwdisply .amd1tempera-
UL -rofies are-lwas raed;andWntenwA~e pint hicris-antolle rybeIIt'-er tntt-dt-ek-tfrabr*.ao TSpit-totajp-~h-utettes

and VUTpUT a e shownaedanU whiMi cftr=e Jf the
-and aizs s OPti-sgiv~ingthe alms- t-th seiesand he~nst, -a F~re 74or- each

stt~poueotu --sbwn5

staton lv he lab t ech-Ue sdp, ~iie_ 7als. shws-the-orz of

profilea asj\ ate4a -each e _teR

k]?-

6 $0
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- - SOLUTION FGA EIGgNWALUES

1 0.15707982E 01j 2 -0.4712388B 013 -0.78539814E 014 0. 1O965574 02
5 0. 1413716E~ -UZ

6 2 -0.17278759E PR7 0.20420359,9 08- 9;235619449 02
0. 2G703 537E 02

M 0. 4)29 ~ 80129E 02

VIM s-~eotuxs ) slto
Fi -6shqwig Eivol#1
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~~~2j~ECIO VFD-h i-O

CONCLUSIONS

Several classm of problems were run to check out the program. Tile results were compared
with a finlta-difference heat traiwfer program (LTA) which was developed by Lockheed
Aircraft Corporation. lbese results were exam zd for accuracy and speed of convergence.

The intermediate print feature of tho prograw was used to determine the convvrgence,.
Examination showed that oonvergence was quite rapid, usually less than ten terms, for constant

convrge eryquickly.HoeeasLdofteslMo ovraneshwdtta em

wihone hnrdintegration steps wasreuied

ippn Mi cetwns the r esuts of -five check problems compared with terwatt ftrom the
LTAfintedifference progam.
No comparison is made at zero time since t&-* program obtains these valuea from the initial

conditions xather than from a serles calculation. The curves are platted from data generated. by
the program Caso I ts the zaniple problom, detailed inSection IV C. All other cAses used the
same physical parameters.

4
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1AAPPENDIX I

COMPUTER PROG1A SOURCE LISTIG

A



$f8JCB STASH PAP

c AND IN-E"N BOUNDARY CC41!NF "TON4S TOfS AND-T R,3TlsR !NS~ fF ;OAL-Z STASjDS

c CONDITIONO1

FXEcM )FuNCo X2J STASHOOT
c IVESION 2 CALCULATIFTIM3E UIGf BONDR -AV-) A! rLA

c VESION 2 NCORPRATE A hVTILASNNTH -Oitk
c AD KBONAYCROXO UNTOS OPOT 1FtZ FNNUNAL S TAW-J1 t

REA KIK2IK1K2 s 1 AS HoLI
REL STASH0I9
EXTERNAL, TNCEH,KTRH - .A50

C114ENSON N (TiTATASDZI
RXELTAK1lNvKZl8N2L,2,XN STASksi4I

T gitN2 * K229NtERTERH K ER gK1Z.122YII --S1AS1020

CONN4ON/PRINTIJPR TNT STASI4024

STASP025

STASH027
IL FORMAT112t13W6 STASH028
2 F13RtAT17EIOo0! STASH4029

3 fOR9AT('EIOvf STASHO 10

Y ~ F0ATIT5. sX1) STASP032
f, 6 FORAT(EtV.0%I5) $TASHO33

I I ORMT~lI*2Xj1A6)STASHt034
ZO FRMAIIP98X-#jHENGii12XIHTHiERFAL.IX,7HD0EtSYYdIDXv8HSPECTFIC,STASH03S

1UlXv6HLENGTH, 13X ,4HTT 1 1lX.5VIINLLI24X, I2HCON4OUC TTVITY,28X,4H1IEATSTASHO36
2.i1x2,9UINCREREhT,9X,9HINCREHENTd 2X,4HTIRE3 STASHIY37

22 FRAIOXE583,I.,XE58X,1.3(XE58)STASH038
30 FORHATE1HAv,35X,6OHBOUN0ARY CONLGITION INDICATORS FROM THE DIFFERENYSTASH039

11AL EgUaTI8N//36X,3HK11,16X.3:-IKZ,164*3HKZ1,16Xs3HK22) STASH040
31 FORHATI IIA,;55X, l-HrLJLTT1PLi-ING FACTORSI.6.X,3HFOR/45X,4OHBOUNDARY ANSTASH04t

K1 IC INITIAL CONDITION FUNCTIONS//3OXv4HF(0),30X.4HF(L).3OX.4HFIX)//2STASHO42
24X*2(EI5.9v19X)*El5.8) STASH043

13 FaRAITIlO,29X#4(E15.8#4X)) ' TASH044
66 FOR#IA$ ZHA,5lXt30PEIGPONVALUE SOLUTION PAA4TRS/2.HACURACY, 3STASH045

*ax,9IgtumaER CJP/44X,5HLINHT,31X, OHfTERATIOtNS/I39X,EP5..BZ6X.I5) STASHf046
120 FOiIHAT(-28X-.4141NCH, 14X,4HSLUG, 14XIHSEC, 16X,5HPOUND, 13X9 IOIFAHRENHESTA4SHO47

ITT') S TASK048
130 FORMATf28X#4HIhCH#I4X,.4HSLUGv-14X,HINtil6X,5HPOUN09k3X,oIiFAHEIHESrASH049

140 FORAT2X,4HNCH,14XtHSLGt-5X*ZHHd-6X5PUND#l3X1OH:AHRENEISTASH051
IT) STASH052

150 FORHATf28X.4tFCUT,14Xo,4HSLUG,14X,3HSEC,16X5HPOUjN0e13X, ICFAHREN-EsTASHO53
111T)STAS14054

160 FDRHAT12BX,4HFCOo.4Xv4HSLUGI4XR38MIiNIoX,5HiPOLD13X101FARENHESTASt0oss
ITT) STASH056

170 fORMAT(?8X,4HF0OGT,14X,4HSLUG15XgHR16X,5HPOU1i,13X,10tAHRE4HEISTASHO5?
IT) STASHO58

LJ_ 150 FOR"AT28X,4HitNCH4,I4Xt54POUNOD*3X3HSEC16Xv5POND.13XIOHFAHRENHSTASH059
IEIT) S TASH060

190 FORPIATI28X,4HXNH,14XHPOUOI3X3HMIN,6XHPUN43X,0FARet4HSTA5HO61
iF IT) STA$H062

28

A



303 FORMATf Hh1 54Y#22CALCtILATlON* PARAMETR5/2 6Y i NU88ER OF TERMS# IST-ISH063
JI5Xt J1I4NUMA(2 OF INTERVALS, I 3.I911NUMSER fF iNlEI&VAL~f 5Xv1 6fflN WHSTAS*1064
2 StJM~tAT!Owl4Xs1If-FOR THE X 'lNTE6RAT!GrdIXt?IHFORl THF T INTEGR4TISTASH065
3CN//30Xti5v?8'Xt15v2fA~I5) SIASH066

333 F0RNWTfIH* ,63X.SIAtPHA) -STASH067
1002 FGRM'AT(26Xv5E15.8) STASH068
1003 FORMAT(XtE15aa) STASH069

-11100 FORAT I28X4HNCJ,I4,5HPOUN.14X 2HHRt 6X5HPOJNOf I X, OHFAHRENHESTASHO 10
ITT) STASH0O71

1110 FOR4AT(2eX,4HICCT,I1tX,5HPOUNO,13~xf3HSEC, 16X1,5HPOUND, 13X,1OHFAflIRENHSTASIH0?2
IEIT) STASH013

1120 FOMT2~4FO*4,HON*3#Ht~l~SPU~lXLHARNSAH?
XEIT) STASHU 75

Rb 1130 FORMAT(28)f4HFCOT14X5HPUNO4X2HHR,16X5HPOUND3XlHFARENHESTAS1076
21-T) STASH077

lI'. FOMATLHA45X4CHP,4YSICAL CONSTANTS TO OEFIN6 T14E PROBLEMI//59X,1SAH1EIk1SYSTEM OF UNT/2X6LNTw~tHA~lXaHI~-4*HEGTSAK7
213X11HTEIMPPRATURE) STASH080

2002 FORMATi7X,4HiII'E,22X,42F!TEMPERAruRE DISTRIflUT113N AL12NG lhr: ROD AT STASHOal
I ,F3.3#04 INTMRALS) STASHO82

v13003 FORMAT(liHJ STASP083
3333 F0AM4TfIMOj58X E15.8) S JASH084
4004 FORJ4AT(IHAt63Xf4I4CETK) STASH085
4444 FOR[4AT(HO,59IE15.8) STASH086
5000 FORMAT(5II) StAS'IOB7
6100 FOR4ATUIH1,25X,ZH -,El5.8,2urpl4XAE15.8//45X26H,ZRIES PI!RTION OFSTASHORO-IS(2LUTION//14X,IHN,16Xv.4IfERA,19x,9HSUM4ATION/I/ STASH089
6110 FORqMAT(IOX,15,I0x,E15.st,10VE15.R) STASH090
6200 FORMAT(1HO,4L X,3;4UNSTEADY STATE PORTION OF SOLuTIOr4#/35XtIHXZ5XStASH091F A0 eHTEMP/f) STASH092

F6210 FORMAT(28X,F15.8w20XtE!5.8) STASH093
I ERRORU0 STASi0094

c STASH095
C INTERMEDIATZ PRINT rOPTIONS STASH096

STASH09g?

C JPRINT=1,PRIN7 INTERNEDIATE CALCULATIONS. JPRINW=OqaO NOT PRINT, STASHIOO

c PIT --- T YSEPORTION O H SOLUTION STASH102

REAiD(5,2) L1 KRFIhC(PtEELTAX,0)ELTATiTIMEF STASH106
READI5,3)K1ItvK2lLfK2Z SAH0T
RZA0:5w4)IPOFL#F't STASH4108
READ10t~) NTFR!0S*NSl*EPXvNSTCEPT*NTAB STASlI1109
RE-AOI5,:; LIMI;,tITFRNX STASH110

c STASI~i14
c TITLE STAS;nH11

WRLTE f6,3i)(TITLE(J),*lIl~vt) STASH117

102 C SSTAA.KIS~

c RT tl 14) ~S1y5tEs OF UNITS S1ASH119

AST -H12
WRT1t-0ISAHZ

X- I



W

GO TO 9999 STASHI27
10 U RITE(6,140) STASHI.?8

GO TO0S-199 S14SHI ~q
A105 UIRTH6,150) STASHi 30

GO TO 99 STASHI 31
1.06 UI1Tt(6iI6O) SIASHI AZI C~~O TO 9999 T S I3.107 kRiTE(6,I?0) STASH1 33

GO TO 9999 STASH1 35
108IO WRITE(6,l8O) STASH1 36

GO 10 99q9 STASH1 37
109 UITHf6#190) SAH3

Go t0 9999 
SAH3

Il0 IkRITE t6,lI M) STASH1 40
CO TO9999STASHl4ij ~ ~GO TO 9999 3~4

-111 bR!TE(691120) STASH141
GO TO 9999

113 URITE(6t1130) STASH143

GO TO 9999 SAH4I 51013 RTtt5O STASHi145
C STASH14699 RTO~,Q 9999IS

550 RJTE65550) ,OLAXOLTTT1E STASH141
C STASH148

hR!TE STASH-149
1630 STASH1 51L c STASHIS9999 kITE(L6,201 CC STASH1560

WRTC62Iw-R~CtETXDLAIE STASH153
c OURY6,1)OFLVX S TAS HI62

C STASHIS5
C STASH16

hRITE(61301T~DSNSEXNTP STASHL576

C STASH.159
C F~G~t4AL~ ~O~uT ~t [.ARA~R5STASti160

STAiSH163
c iE&6~L-T,)R, STASH1670

C -- S F FOR~t TSAUT M AAMETR STAS1416?

C NO4 M~4CICN '~I1T3STAStiM~

JT STASHA 8

c STASH175

0 ta-IMNUFSTASH17

S~ I S-4
IFTBE R UEHYAE SINDA FLeSSAW

-1c
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C STA.Si187
C ERROR CHECKS Oh INPUT DATA TSI8

C ST ASH1 99
C STASH190
c hUgaER OF INTEGRATION STEPS M~UST BE EVEN OR ZERO. STASH191
c IF ZERO THEF PRCGRAM SETS THE INTEGRAL EQUAL. TO ZERO. STASH192
C STAS41 93

IFINSTEPX.EQ .O) GO TO 24R TTO 219

%hRITE 96#5553) STASH196
I LRROR= IERROR*1 STASH1 97

248 IF(NSTEPToEQ.O) GC TO 249 STASH196
IFIXOO(NSTEPT,2)..EQ.O) G0 TO 249 STASH199
kR-ITE16,5553) SAH0

h~ I ERRORe IERROR+1 STASH201

Al 249 11(IOELTAX.GT.O.) STASHZ2
-j AND. STASH203

(OELT4T.GT.0.1) STASH204
* GO TO 250 STASK20571 RlTE (6,551) STASH206

I ERArP-!FRflOR+ STASH207
250 IF(TINEF.GT.O.) 0O TO 251 STASH2G8

URITE16,5552) STASHZOpi
I ERRORm IERRIJR*1 STASH2IO

C. STASH2I11JC K12 CANNOT BE ZERO DUE TO A RESTRICTION TN THE FORMULATION. STASH212
C STASH2 13
251 IF 1Kl2.NE.O.) GO i0 252 STASH2 14

SRITE(615555) STASH215
IERRORwfERRlOR+l STASH216

C. TEf.4i STASH217
c CECK OR ERRORl;;! STASHZY ONIT( STASH218

LIC STASH219

hRAND.333 STASH221
P1~3.AI5926STASH222

L CC~K T lOC 25 STASH23
kRITE(6#333)£1I1 ST'ASHZ34

IERR~tK=K ERROR-K1 q2 STASHZ35

C ~ IE6,44IOT STASH226
C5 CT(ERR46T0 CO STT O SS N0 OP TASH227

C STASHZ28
UCE14012'K23 -CT STASH2 39

PONO31592 STASH230
ALPHA=K(RHO*P) STASH231
URIT6*333) LPP STASH212
CGNOK ' L 2KZI202 STASH213
Cc!NQE4=I12t 220 L42 STASH124
CNITh0164TK4 DE STASH2356

CQOBF STASH236I

COq04K1FL STASHZ43

jGO=lg2 ST314

CCG=X2K2f42)SAH4
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CO~41~P0K!~STASH250

Ct~hO88KI2'~2STASH2S.'

KlIK2lzKl1K21 
STASH2*iZ

x12K22AK1oiK2 STASeI254

ECETERPINF EIGEi1VALUES FOR SERIES I3OLUTION StASt4256
c STASHZS57

IFIKUK 0.) 401122.E-.) TO 400 STASH1258<1 FIOET , Ird,300fi00 STASH259
100 CALL S~t' f1(IETK*ElGE~rflTERMS) SAH6

GO TO goo STASH261
200 CALL S0LVE2tOETKiE1GENv.NTfRMS) STASH262

GO TO 900 S TASH263
300 CALL SCLVE31DETKqEIGENTER4S) STASH264

GO TO 900 STASH265
400 CALL SOLVE4(OETKvCIGENNTERHSl STASH2Z66

41C STAS14267
C SET UP INDICES FCR 00O LOOPS STASH260

Uli C TASH269

900 hTEJ4PT-(TI,FF/iTAT)+1.5 STASH270
kTEMPx(L,4DELTAx)+1.5 STAS"2 71

kR1TE4bpip03) SYASH2?2I T2-OE LTAT STASH2 73
C0 199 N7=1*NTEMPT _STASH274

KT=T#OELTAT STASH275WIX~e-DELTAX STASt4 76
OO99NXlXjNTFMPX STASI(277
IFf T.EQOO.1  GO TO 299 STASH278711 N=X.+PELTAX STASHt279
SERIES=O. STASH28O
tF(JPRINTUl).NE.0) WR~r~(6610O) TsX STASH4281

C STAS14282
C SET UP LOOP -0O GENERATE SER-IES SUPPATION FOR TpANSIENT SOLUTION STASH283
C STASH2A4

C0999 1- 1, KERNiS STAS0'285Li'ZN=E1GENt 1-1 STASH286
9 ETAN-MPIL STASH287

ZH2=ZN*2 STA3I1288
705 PstI2*O.N~i~STAS89

S6NX=S1N( 8ETANsX) STASH2Z90
C8NX=CS INI Zf' ) STASH291
C0NuSM( 8TAE STASH292

CZu=Cias (z) STASH293
KlBN=KlI eETAh S T A SH
XIIBN2=KI 18N**2 STASH295

ZtIZZNZZ2*5Z4 -STASHfZ96

E'APMUL=EXP(-(ALPtNA.(BETANIu.2).r) STASHZ9?
SUfCNBETANofKl2tS8NX-K118NOC8NX)/tZN4*fKl8NZ+CON~J8)f(Kk1BN2- STtSH290
1cONn88).SZN.CZN-2..K1I8NCOK12*tSZN~pj2)) STASi1299
KTERMI-flCON0teN2SZNCON07*ZN2SZN+CON03flN*iZ-SZN))/ZENiO~i* S7ASHf-,00
ICON04 STA51H30 1
KTERM2vf(COP4OSsZN2SZN4CON046(SZNv-ZN)+C ON07*ZN~i 1.-(,ZN) )/ZOENOm)* vTASH302

lcONOB -STASH303
KFPILftKTEAI418PHIL(-. SI ASI304
KFPi4LOtKTEAV.2*PH 10(0.' STASH-305
iFPiiImEXPP'ULu IKFPPlO+iFPlIIL) STASN3O6
~IFNSTEFT.F0.O) G010 399 STASH307
TIMINTmFL!AT(0. ,TNiSTEPT.TFUt4C) STASH308
-GO TO 599 STASHi309

399 T!HINIUO. SAH1

32

jvIZ



SPI/3.t4l~g26/ STiS11373
- -soeu~K(lK2 STASHY74

IFJ~N()N )W.RITEf 6,6300) STASH375
U1 C0999 1IzalwNERPS STASH316

NN~I STASH377

90) llfABStSLCPE).LT~lA) GO TO 800 AS31
799 STAS14381-.~PI2.

800 Z0ooQ.N"4l)otPt/2.) SAH8
-850 e0UNOr-0.0 SA 8

tIIDE-TK*L'Z0/ (KI IK21 o.o2Kl2Kfl*L.*2) SAH8
IP4ABs(sLopE).L.-1.0) GO TO 860 TS17

GO-TO 810 STASH369xi -860 ZIlf0+Ak4U STA TH390
-870 Z (A8SUZ1-Z0l.LTAL~tT) 9Q TO 9 S TASH391

BOU10=z--zo STASH395

tF(JPRINT(3).NE.0) WRITE(6t,6310) !,J*u#Zl STASH396
99 -CONTINUE- STSH-V ~ ~ hRITi;ULl I*ITE-ft4X - --- -- STASH39i

S0TO99 STASH4C0
9 0GENL)Zl+O2. STASH399

GO 0to §99 STASH4002

y- RETURN StASH403 -

c9 ERRCR ?IESSAGES - STASH4:06

11 FORHATt 1OXI-1zNROCr NUKBEP-- t13,zaiio NOT CONVER~GE AFTER051AH ITESTASWc~07
IRATIOS ST4StiO8

ONS) - StASH09
5' - -- Sr-AS(!410

$18FTC SDLVZ 094/2*XR- - _ - - SASH411,

C- - STAS*141.3

IA~~~ 19 W IZ,(-NKEK~T~I?801~Wc.wSTASH~44 -

C a'OIRNTJRK~ STASN415

DIMENSON EZx431Ox,6ER 58,0YEl.8 STASH416
PIMEN~tCN JRXkTItITE TASH4-16

0114ESICUNTASSY STASH418
REAL--'l IK 19KI 2 22L t IN T 9 N -STAsF.430

-LAObAUOXSNUSSKPHIKFP~OKPHI~~ilKIZ STAS"420

STASH42

CC_ _________ ____________Z



~1

C0999 J-1,NTERP'S STASH376
N~1 STASH3 I?

801 1F;A8S1SLCPE).LT.1.0) GO TO 800 S rASK31io

GO To 850 STASA4382

GO O0?' STASH383
660 eu1NUM0.0b U STASH39O

870 =(A8TK21-/KKlZ0)~I TKt_2T? GO T-O S1AS113oo
lF1(BOUNO.EPcL-1) GO TO 860 ST ASH387

GOLPTO 870Z STASH39
ZO0Z1N*f+kN ) STASH390

IF(JPRINiTM3.1E.0) WR1lE(6*6310) !1JjLJZl STASI395
99 CONTLINUE STASH396

hRIT (6v11T 1,1TERMtX ST-AjH391

STOPfL
9 H4EN4S1O?1 IGNhEhV - TA3K416-GO; TO 99 f-,-N-EN1C 1;aN~3 tA4

99C0999 N TU3 tSH3

~Fin



013 99 i I itITERFX SrASK435A ~JETKL.~/ (KINZ.Z~.24K2K2'L.2)-ST-ASI436
ZJawINN*Pt)-tATAhU) STASH437
ZFIA5S(ZI-ZO0).LT.LIMFTi GO -TO 9' STASH430
l0(8OUN0EQ.(Z-Zo) GO 10 99 STASH439
8oUNDZ-Z-0 - STASH44O

~ORI - STE4SH441
lV'tJPRINTt3li.NE.O) WRlTE%(6*6310) I,tZ STASH442

90 CONTINUE S TASHk43
14RITE-1691i) 1IPITERMX STASHt444-

-STOP STAS-54
9 EIGEN~I)-Zi STASI4'6

GO' TO 999 STASH447
90 EISEN IL)- (Zl.ZO)IZ.O S-TASK4I
999 CCJ4TINUE -- SYASH44fj

- RETURN STA~fI451
STAS1I451

4,1 A C - ERROR M4ESSA~GES STASPH42
c - STAS11453

I I FORMAT(-ILOX,I2HflOOT NUMBER vIt3r2ZH0I10 NOT CONVERGE AFERYi5#,IUI TFST4SHW44
ftATI-ONS-) --AK5

7--4-a -AS44~57
SIBFIc SCLV3 V'94/21XR7 Sfl4S

- SUBROUTINE SOLVE3IOETK,EIGEft,NTE.R - STAS1t,4S

- -- -- SOVE -Alx.j- tr2K2L1IT sm-- 1P1161
ifEJEL1c STASH462

DIMEGNIN GE W -TEM STASIH462ifESO-4f~y~ STAWfI648
v IMNS--ON TA~~l-STASH4s

STASH468
-P94/,XR7STASk*86

CSUBDRO T.IN SOLVE4(0ET-EN.NTERI#I2S) STASHVI8
- SIRS HIR2

632 SORVESTAEZBX IN4X'fINIT&- STASef i89
- - STASH490

- IF,-E~fTf!O NE.0) -WITE 1p600 SSAS13t91

K-~~-3 999 1EAL IK~,NTERMS .UIIT STAS14477

STASH-439-

-I~~fJP~lNTI3).Ne~~ai w-t~ 1-;30tt4lSAF8
--9 CNENEIAH8

TUNSAH8
k _________



AFFDL-TR-O-109

ST-AS0.493

- CAYAP,/94X,5LM/ST-ASH503- :
M-OPR3).E-0) WTE{6,6300) STAZ5
CO 99taI M STS150

El 1 OE 11 Z I TAStHi42

Ipt9a'i2--NE.0 - -~T-6&30TZ STASH50i
911 l COPIMkiti Fi-,~u,)STASfI510

OE-TURNSTASH511
__ -8~1~!w~gBC~JD -- STASUS-1

ftC i St,'psE vBCU2xqD StASH514
REOA OJ FM!thfVlNF STASH515

£ EXT~I4AL -STASI452

C 'MOV -CN STASH513
Re~iof -B-jc SrASH514

C 1,K2.ERKIONTQ tr UN10 MM 8 ECAE STASH5
-,C fr T*LWL-1EA KEbKKZATXP4LNSBD-aSTASH522

STASt523STASt
~tI~-MFN - TAS45129

ST-ASH527

STASH523Z

- STASH532

COOKf~ ~, - - - STASn5IS

I~~4 SIA~54O
-0SUi 04SU"-*F XX1 TAH9

RETUN -STASH53-

)ENDF SrAS~i5
tTASH546

20j COJNC41N Ew~ srshace

- EN !ON54

- - 3TASfM549
C- CO141SI T.V."lAH8DATSUT~rM~-,KTERM2,ALFOR BETt4Er L.ITEGRL SfxETASi550

- STASH551
XVUME~i 14Ul.(itTrjOx)K1,lte.o(8X.)w~(X S552

RE-SAH_
IvZ*ZswTRHtk02SAH5

4D.-TSSS5
XMUTXA8AiUMvE-l2 LH*ST'4X~L41vS XD



$-JT iPUT V1~vH

c HIS EtL#CIXOt SFTS UP THE LUTEGMAIM FM~ NE LAMBDA NTEGCKA. TSL

K ' STASh568
STASH570

TfN-YERRI-'P-1 MANSU4BDR STAS!I57I
TERK2=XTEAU2.WFIPR~tL£MtEORI SUSSI -

1FU~TER4I4-EI~2 4EXPi I ALPHAk t SEUJt) 9) * LA)"D-T -i nTSi1

sit RJ ST*SiiS14

$IBFpTc USFLE P94/2#XR7 TU 7

- C STASII119

C -STASHS79

-C FEAKUj W TfWI0AR.55H tSH~*58

- - STiASN582

Z V0RmIIHA.6Xr9PTA3LE ND&*:z1 STkAS4584
S FOI9IA(IH0,'2X*3?fILPE0RENr DEPENE1151%x,)38 yAXASTASh5

dFOLE ViIAO4LF)-S4S5I

C0'Y~3ifP~hk1I Th'AA3 DE5MA

REI5U'IfiVALISA(Z1S

-FavM YwdIERPly ST12,512
REAL F*~CTIG WTESP TX, I

-- I ~ T~W-10P3N50

- CIMEHSII ArTA5(5
10USFES6 tSiDVAttvJ~vDEP7ARlIl 5,50359

soE w ItTAIL l-s~-%

--- ERRI MSSGE$1 T5MO

STAHE
IXs1sZ9 GT-N CET4 0P1TISAV;

6 "Il~4X 7EO - :~"RIPTVT TS"

Eh uI6

~Vk
- _ fICETEP191*R
NN EI IK iufaf~nl TV!

STIISI

fSEA.TTOI~~sFRTW-EDT



A ,U -JT-6f;409

10 (TN~fl~STASH623'

cAL. EXIT T416'

DVARVJ~-t4DVR~l,-l))STASH6?
GO TO 100 STAS"4627

I0 NTERPP4EPVAR I IJ I ST ASt62qq 100to RFTVRN TAH2
c~S T AS46 30

EkRcn MESSAGES STASHIl(~
STASfi& ,.

FOM4l0X 6HRUMN EXCEEDS EXTENT OF 11ABLE NO-,1ZJ STAS4644
END STAS"61S

Ci,18TC PHIOT 04I$2,xAR ST4SH6 36
FUNiCrIrN PHIOITT) STAsH6 4i

c STASHIG38
C TfQS FUNCTION CALCULATES THE INSTANTANEOU~S VAVJ- O TH STASH6 0C TIME-VARVING BCUNDARY CONDITION AT X-0.STU.0
C t ii -uNCTION P1-lOfT) M~AY BE 10ACED INTO THE ?ROGRAM TSH4

C SA NLTCLExPRESSIW4 OR AS POINT DATA INSAH4
c TABULAR FCRM SAi'
C STASH644

RfAL INTERP STASH645
R~EAL LIMJTLKLAPDANUMXSS,W'iSS#KFPH1,KPHIOIKFPHIL,KItKI2 SYASH646
lyK~lK2,t,KTfRM,KT4R$2 STAS11641I
COMMON TXLA8DA,TER41.KTCR92*ALPH4A,BETAN,EXPMUL ,CBN)~vSNXDELTAST.AS1648
lXIJELTATKILvK12,K21,K22,FXNt.8STSH
CIMENSION NTAB15) STASH650

!F(rA .NE*O Gx) To 100 STASH651

c PHIO= ANY FUNCTION OF TIME STASH651

FUCTC SH~T)-tASH665T

PIETNS TASH656

C RSAETAURM.EPESINO A OTDT N STAS1X65,

EFNAf)'ft OT 0 STASK6 U9
S TASH660l

STFCPHLT~N lNTC 09/ FXR $SAS6Lb

FUNCTIC. PHLTYTASH-6 19
c ~ Tk STASiH66

r TIEVAYN SCN4YCNDT& 841Xw.SAH
c# THE -,CIUPIM MYB ODD NOTEPORMSAH6



STASH6013

STASH686

FIUhCT IfNPIIPROILAKBOA) STASH687
C ST ASH-6 $
c TPIS FUNtCTION CALCULATES THE INSTANTANEQUbS VALUE OF THE STASP689
C CEftIVATIVE OF THE TIME-VARYI~t; BOUNDARY CONDITION AT X 0O STASH640

c DATA IN TABULAR~ FCAM. STASH692

J-REAL JNTERP STAS'd494r3 'sEAL ~STASH6q~t
COMM4ON T,X*LAMrBDA#KTEtU.:,KTEJ2ALPHADETA iIXPMUILCBNX,SUINX,0I.LTASTASH69714 XdJELTAhsKIIKK K22,FXN4TAB S TASH6 98
DIMENSION NTAB(51 SI ASH699

IF(NTAS(314NE.0) GO TO iaU ST AS-100

c PHIPRG=ANr FUNCTION OF TIAE STAS"702
C, PO~O STASH703t

RE TURN STASH?05
100 PHlPRO=INTERP(LA9BDA, 3) S TASH706

RETURN STASH701
END SI ASH70i8

STASH709
$WtJTC DERIVL 094/2#XR7 STASH710H FUNCT KCNPi4IPRLfLIAPBDA) STASH711
C STASP.712
c THIS FUNCTION~ CALCULATES THE INSTANTA~NEOUS VALUE OF IMF STASH?13

C -RIVATIVE OF THE TIME-VARYING BOUNDARY CONDITIONS AT X3'L. STASH114.
C THE FU;.CTICN M4AY BE LOADED ANALYTICALLY OR AS POINI DATA STASH715
C SN TABULAR FORY STASH7 16
c; STASWI 17

REAL INTER-p STASH718
REAt LIN1TLK,LBAPNUMXSS,NUSSKFHI*KFPH10,KFPH1L,XtlI1Ia STthi19

I tK2 J r--a N K tE RMI IKTER142 STASH720
CWOP40N T, ts;A;;_OxpTERI,KTER421htPHIAdBETA7'JEXPHULCBNXfSOIDXEL1ASTASH721

~ O ~ T A T K ~ .~ ! F X , T A BS T -A S H 2 3
4~~,h 01 T1 Ir- STASH724

c FAaJ ~~ STASH725
c PtiPRL=ANY FV:'CT, -1 f9 TAH

C, StASH717
V, ASTASH728

RiTURN StASH729
100 P" 5IYR VtIN RP tLAMBn~j i STASH730

E rr'D STASH?3
r" 'ASTASH? 33

$18rfiC Fx p)/*9 STAS11134
! UVCT I ~CNFFXi: STASH735

£ ~STASH7 36
'<IC TKIS nUNCTY CONPiJES TiPL fI UfAk irrNOIIIOS OF THE R'1D. STA~tH1l37

c THtSE J41T Al CONVTONS 't FE t3OED INTO T91I, PRGR STASH?38
--6- AN1A~ylllC4LtY ORI A-5 POI~t DA!(' TN TABULAR FORN , STASH739

C STASH4O4
RF~. LWTAP H

L In. HIf PB DA,3. t!K S#VK~Hkf~ j SASf7,4?
9;1 K- 1(Epg STAWn43



CMIN SILON HNTAg 15) SfTASM44

VI I(NAB5)N~O)GO To NO0 S-IASH?4 7

FOPXz ANY fIlCticNlf OF X STASH749
c S TASK? 50

P'JFXt~1l STASn?5
r 5 ETLSRN SAH

100 F 9-F A1tTE RP (X XY5J ST'ASH7S

A -, r V 
S T A S H 7 5 4
SASHTS5

-I
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iAPPErWY IT,

FIGYENV JEJ STJBfOUTPIES

'M- Te solution of equato~ 3 de n' on valAescif gi and which ame &-,aVcd fro?-, te positive
co.igenvalues of F-7-lation 40,

~~. ~DDL Z.

"rce we aire se*eking psitive valuc of 7nthea :gic~f tme left-hand wide3o the Equatikrn May

1-* a--s -onfated with tlhz parametcex D., Thaie, three f m-nulinit ,-re pxisilsle f.-uresuonlhg to
Dbligposithm, regati%'e orzero. AorhpsilK i hAt of ti iLnmtuo.-%t eo

Tfte la~st two _zolution- az-e tr[vZiL if D Is zero wVie hafi

tonl z.

Tne solution W~ this equation is maerely

L4If the dienominator of equation 40 goes to zero we have

ton zn C

1'e solution to the equation is

(2n 0h
2

Howvever. if D has a vilue other flmn zpro the c-quatitums are solved. Liy an tteratae pro-c-ess.
Ithe 5; case s the elgenvaiue si;Abroutmn Uls !Feen prograiieto~fj th.rt t (~0) io

F I this pro-Iduce,-s a trivial solutlorL The pi-oceduore then s oti below for a positive vaioue of D).

We know that the solution lies between

afirst approximiation to the r%,t. 7. We8 slhaE Choose

-- 4 %We then write two equations

un,m K2 M1 22 (52

£ z(n-p11) L~r + ton (n '

Wh-ret*E quhmcripis P- and m rder to tie mt iWeration toar th- root-, 'The root~

rhi) ermired to aay desired( L-I1 j!4ccuracy py-,,iwJq

4:



The bas i f x .1 the i ra tO PrifIt Out t-he ft eration ~ e s v ~ n i u i 2 c - e~
nOFor egatve vw1ues oil D Equation, 56 becons

and 01- Schuido1 proceeds a-- befa) wit Eqaio,58bcov

Ij~z Zr n j, +ta (u~l~i
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z_ -vI

AFFDL-T- f16-1119

TABLE i

C-JlPARi AS0N OF IWATA ROR -ZASE I

[ -iT~~t--t;T(L,t)--o;I T(X,0)--0)

t ._. L LTA STSII LTA STAS{ A

1-,0 _0.0 - 00- 1)00 100,1
TEMP(! 50Tjq ! s'~50 TsP t=1-a ...

307.3 0.00 500d60 500.00 W030.00
6.~~5 0.00 37,39 37.38 1 455.95 45:1,93 930,7 q. -,iO274 2714 9+48 i 1.3 .,., 6+35

i.4 197 IMP 37676..53 390.87 600.83

<1 .9 9 f 1 .04 3 4 .9 2) 3 4 .3 j 4 .0 I 16 32.5 9.76 9.70 307 74 307 69 681.66 68,0 [

1301 1 f 6.58 6,59 26,88 I 76.83 625.615 625,59
4.37 4.38 248.18 j248.12 5 571. 82 571.7-6

4.o 2,4 285 i21.48 22. 42 20.63 5 -19.96
C5 j.80 I.F! 196.61 196.56 70.111 470,0 I

, . 5.0 1A1 1.13 173.43 173.37 421.90 418

55 0.68 I 0.68 1 151. "1 151-72 I375.26 -1 o

6.0 0.4 0 .0Al 3 3 1.,,3 30.31399
56. 0.23 f2 l.1 2. ' 1 .36 236.04 257.0 0,13 -0.)3 r-4.3a 94" .34 243.15 243.10

7.5. 0.07 17.27 77.24 201.19 201. 5
.00 t 4 0.04 1 um 60.89 16Q.02 159.98

81 I .02 0.032 4.6 45.14 19 .4 7 1t94
9.0 0.,01 0.0 2).86 29.8-- 79.3S 79.379.5 0.00 0.00 14. 85 14 .,,, 84 -9. .

0.00 _ C o.00 0.I i '1 o_ , o.o ,

REM

1. N

4

3

-N .-?

-j



S-4

AFFDL-TR-..I09j

TABLE l1

COMFAISON OF DATA FOR CASE 2

___ T(0,t)=1OO%+t; T(Lt)-i0 2; T(x,0)'10 2

T4 Q VIE M tz.50 T814 0 tz-500 -xEIW t-1000
L =O STASH LTA STASH LTA STASH LTh

-0.0 100.00 150.00 150.00 600.0 600.00 n00.00 100.00
0.5 100.00 137J3 13738 555:9 555.71 1030.71 1U30.69

110 127.45 127.46 514_A 514.83 64.38 964.35
5 119.79 119.80 476.56 476.53 900,871 900.83

2;0 113.99 114.00 440M9 440.87 840.02 1839.97
2.5 109 70 109.70 407.74 -407.69 781:.6& 781.C.G
3.0 106:58 106.59 376.8 -376.8 "-- -- f.,159
3.5 104.37 104.38 348.18 348.12 67.82 671.76

S4.0 102,84 102.85 321.43 321-2 620.03 619.96
4.5 101.80 101.81 296.61 296,56 570.1 ,IU04
5.0 101.i 10i.13 273.43 -273.7 52-40 5294

15.5 00.68 100.68 251.77 251.72 475.76 475.2U
6,0 1-00.40 10a.40 -23148 231.43 430.03 429.97
6.5 100.23 10d.24 212.40 212.36 38604 3|5.99

-7.C 100.A3 100-13 194.38 194.34 343,15 4343.10
7.5 L 0.07 100.07 177.27 17-7.24 301.19 1,301j5
8.0 100-.04 :100.04 160.91 160.88 260.02 259.98

- i 8.5 100.02 100.02 145.,6 145.14 -19 4 21920.4
- 9.0 100.01 10 .1 129.36 129-.84 179.38 179.37915 100.00 lO0.O- 114.85 139,.61 i.60

10;0 100.60 100.00 100.00 100.00 -100.0c 100.00 10.00 -

Li

r°

47
F'i

1 4 . . . . . . . . . . . . . . . . .. . . . . . . . .



TABLE IV

0&MPARISOIN OF DATA FOR CASS 3 -

__ _~__T(O,t)mt; T(Lt)-102 ; T(x,O)- 10

L t0 STASH 1.A _TA iI LTA STAShI LTA

0.0 0.00 50.00 1.0 500.00 500.00 1000.00 1000.00

1.0 lo1.;l 37.4.6 37.46 414.85 424.83 874. 38 87-4.3.5
q1.5 1 5. 4.79 34.&^ ,1 391.56 391.53 815.87 815.83

2.0 20.00 33.99 34.00 360.92 360.87 760.02 759.973.0 36.8 6.9 06.88 06.83 s.62.5 2.00 34.70 - 34.70 j 32.74 332.69 706.66 70 .60

4i 5.00 4 6.80 46S81 I241.61 24L156 515.11 j515.04
3.0 50.00 5L.I1 5113 -223.43 223.37 436.80 47 .84
5.5 55. 5.68 55.68 206.77 ' 206.72 430.26 43.766.0 60.00 2 60.40 60.4.1 19.48 1191.43 390.03 389.97

6.5 65.00 65.23 :65,24 1 77.40 S 177.36 35!04 35.9*-

7.0 70.00 10.13 70 13 J 164.38 j164.34 31_315 f313.,10 1
7. 45.00 7.08 4 5.07 12.27 f 152.24 1 276.19 - 27615

5 :.0 80.0- 80.C"- -80.04 . 140 91 1 40-,89 2I0.02 1239.988.6 . 852 130.16 1 0.14 1204.17 204.04

1_ 90 -000 ,90.01j90.01 1 1I9.86 1 19.84 169,38 169.37
9.5 95.00 95.0 95.00 1u9.85 109.8, 134.61 134.60

__5:: : 1.0 50.00 5L l 51, 2' 1_419
106 .4< 6041 1914 39.0 389.971. 000 0.0 0.0 11.408 0.0 0.0 6.D

H -
5: :

! I

-=4

I

4-8

7 .
- 1 5 . 42 6 1 _ 2 6 1

,-.7500.-..- )50 -1

_810~~~< MOO ...... -0-1 14-9 4 0



IL

L -M- R LTA Si AS H-T

¢N ! 0.o 5.. ~o.00 ooo 42.38o 409 4t 5: 6 C!-,.o .
__1.0 _ 37.46 37.46 -4.485 ,24,83 1-3-2'- - -

1.5 B-_00 34.79 34, 80 391.56 391.5- 1 " i -7 !---3
Z .0 20.00 33,9 9 134 .40 360.92 360.87 76.0 .'7 |

25 25 0,0 344.70 34. 70 332.', 332.69 70b.66 70i .6 5 ' ... ;
3. 00 3.8 3. 59 3 -9 .....IF 655.65 o1 , , 59 j:
3 35.00 3- 47 2 3-3. 283. 8.-T

--- 350 3.7 B93 23.8 8.*0 66.2 60,64.0 40.00 62.-i4 42.55 261,,48 261.42 560.03 539.96 |z4 5 45.00 r6.80 46.91 241.151 rj- 11.56J 515.1 5!5.04

%,:GS. 50.00 51-!1 51 ,13 22 3.43 223.37 4,11.9 0 -71.84 j.
_ 5.5 55.00 55.68 55.68 206.77 206. 72 430.26 4301.20
! 6.0 60.00 60.40' 613.41 191.48 191.43 3 90 0 3 389.97

- ' 65.00 ] -5,23 65.24 IT.0 I 1 5.4 350.99
-707. ,0.0 712 70.13 164.36 164.34 313,13 313.0 IL8.0 80.00 j 80.04 iS.04 I , -40.99 24,-02

8.5 65.00 85.02- 85.02 13. 16 t130.14 204:4 7 204.Z4

t9,5 n 491:5 95.00 95.00 10.5 109.84 134 .61 13.6 i
10 i.0 i,-2.00 !oo.oo !00.Go 1010.00 MIo.00 IGO . 10 &.00

--A

F.s.u

-al-



AFFDL-Th -6-109

TABLE V

C'WPARISON OF MATA FOR CASE 4WI
_ _ T(0,0)-&; qtLt)-O; T(O)=1O _

j i0 STLq r LT STASH I LTA STASH1 LTA

2 00.0 1000 00o.OO 0o 000.00 o1000.00 1000.0o 19o.00
100.00 995 8.90 994-85 994.40 999.85 999.8-9

2.0 100.00 U2.53 66Z.50 I 989.83 989.45 999.?! 9 99 .6 5
-240 100.00 710.26 709.99 985.0b 984.72 1 999.57 999.53
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